In general, the enzymatic reaction is ideally suitable for flow injection analysis (FIA), because it is often specific for a certain substrate. Since some enzymes are expensive, they have been used in immobilized states (that is, in packed reactors'2 or open tubular reactors3-5) and may be less efficient than under soluble conditions. If suitable supports are available, which are suspended in liquid, it can be expected that efficient FIA can be carried out using enzyme immobilized particles suspended in a carrier solution and that they can be used repeatedly upon their recovery after collecting the carrier solution during an FIA run. Recent advancements in polymer synthetic technology have facilitated the preparation of spherical latex particles with a controlled, homogeneous diameter.
In this paper, the authors propose a new FIA method which uses enzyme immobilized latices suspended in a carrier. Some preparatory results which suggest the utility of this method are given.
Experimental
The latex particles used in this work were available commercially: Estapor PSI68 (Phone Poulenc Chimie, particle size: 0.3 µm, density of COOH: 200 to 300 µeq/g). The enzyme immobilized latex particles were prepared as follows: after hexamethylenediamine becomes attached to the carboxyl groups on the surface of latex particles by the carbodiimide procedure6, an enzyme can be immobilized by the glutaraldehyde procedure.' They are separated from the soluble enzyme by gel permeation chromatography using a Sephadex 4B (Pharmacia Co.) column (10 mm i.d.X20 cm). The following enzymes were used in this work: lactate dehydrogenase (LDH, EC 1.1.1.28, from pig heart, Toyobo Co.), malate dehydrogenase (MDH, EC 1.1.1.37, from pig heart, Boehringer-Mannheim-Yamanouchi Co.) and peroxidase (P0, EC 1.11.1.7, from horseradish, BoehringerMannheim-Yamanouchi Co.). An FIA system composed of a reciprocating pump, a loop injector, a mixing coil and a fluorimetric detector was constructed.
The corresponding substrates were measured by monitoring the fluorescent products: NADH from lactate and malate and p-hydroxyphenylpropionic acid dimer formed from the monomer and hydrogen peroxide. A waste solution containing latex particles was collected during the FIA run and filtered with a membrane filter (pore size: 0.1 µm) under reduced pressure in order to recover the latex particles. The recovered latex particles were resuspended in the carrier solution.
The concentration of resuspended latex particles was adjusted until the absorbance at 500 nm became the same as that of the carrier used in the first run.
Results and Discussion Figure 1 shows the FIA signals obtained by injecting Fig. 1 
